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In addition, residual nitrite in these products at the likely time of
consumption (^60 d) is lower than in other cured meats (National
Academy of Sciences, 1981, Chapter 5).

Gaseous Environments

With rigorous control of the gaseous environment of a product, it
is possible to eliminate or greatly reduce problems caused by some
types of organisms (International Commission on Microbiological Speci-
fications for Foods, 1980, pp. 170-192).  For example, vacuum pack-
aging will greatly reduce or delay spoilage caused by some aerobic
mesophiles such as members of the Pseudomonas, Acinetobacter, and
Moraxella genera (International Commission on Microbiological Specifi-
cations for Foods, 1980, pp. 333-409).  Vacuum packaging aids in
control of many spoilage organisms while the packaging seal remains
intact, but it does not substantially increase the growth of anaero-
bic spoilage organisms or pathogens.

Maintenance of an environment in a packaged meat product that is
sufficiently aerobic to inhibit the growth of obligately anaerobic
organisms (mostly spore-formers) is not generally considered practi-
cable in cured meats, for a number of important reasons.  Cooked
cured meats and especially sliced and comminuted products are sus-
ceptible to lipid oxidation, and an aerobic environment would pro-
mote rancidity more rapidly in such products (see Chapter 6).  The
reddish-pink color of cured meats would also be shorter-lived.  With
regard to microbial pathogens, it has been demonstrated that growth
of Staphylococcus aureus and production of its enterotoxin are
favored by aerobic environments (Crowther et_ aJ., 1977).  Most im-
portantly, however, Christiansen and Foster (1965) demonstrated that
spores of C_. botulinum type A inoculated between slices of bologna
germinated and produced toxin in aerobic incubation.  An anaerobic
mi cr oenvironment must have been generated in the product for this to
occur. More recently, Kautter et_ al. (1981) demonstrated botulinal
toxin production in sandwiches packed aerobically or under an atmos-
phere of nitrogen.

The use of gases as preservatives for foods, including meat
products, has been reviewed by the International Commission on
Microbiological Specifications for Foods (1980, pp. 170-192).  Carbon
dioxide at 20% prolongs the shelf-life of refrigerated fresh meats by
inhibiting pseudomonads and the Acinetobacter-Moraxella group
(Silliker and Wolfe, 1980).  This may be useful for some cured meats.
Sulfur dioxide displays useful antifungal and antibacterial activity
in some products, including sausages, but in the U.S. is not per-
mitted in foods recognized as sources of thiamine.  The use of sulfur
dioxide and related salts is discussed in Chapter 4.  Carbon monoxide
appears to have an inhibitory effect similar to that of carbon di-
oxide on psychrotrophic bacteria and to prolong the color of cured
meats (Clark e_t al., 1976; International Commission on Microbiologi-
cal Specifications for Foods, 1980, pp. 170-192; Silliker and Wolfe,
1980).